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1
METHOD FOR ASSESSING A PATIENT’S
FLUID STATUS AND/OR SENSITIVITY TO
FLUID REMOVAL, CONTROLLER, AND
DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of U.S.
patent application Ser. No. 13/503,139, filed on May 30,
2012, which is a 371 national phase application of PCT/
EP2010/006433 filed Oct. 21, 2010, which claims priority
from European Application No. EP 09013356.2, filed on
Oct. 22, 2009, and U.S. Provisional Patent Application No.
61/253,878, filed on Oct. 22, 2009, all of which are hereby
incorporated by reference in their entireties.

FIELD OF INVENTION

The present invention relates to a method for assessing a
patient’s fluid status and/or sensitivity to fluid removal from
the patient’s vascular system—or to fluid replacement or
fluid addition—with regard to the patient’s hydration state,
the method comprising the step of determining a value
reflecting the distribution of a fluid between at least two
distribution spaces of the body of the patient or changes
thereof from measured or calculated values, and assessing
whether the value fulfils at least one criterion. It also relates
to a controller, an apparatus, a device, a digital storage
means, a computer program product, and a computer pro-
gram.

BACKGROUND OF THE INVENTION

Quite frequently, patients are treated with regard to their
fluid balance. Likewise, such a treatment may be directed to
the removal of fluid or to the replacement or addition of
fluid. The present invention aims at providing a method and
devices applicable in the field or context of fluid balance or
fluid status.

By means of the present invention a method for assessing
a patient’s sensitivity to fluid removal from the patient’s
vascular system—or to fluid replacement or fluid addition—
with regard to the patient’s hydration state is suggested.
Also, a controller for carrying out the method according to
the present invention is provided, as well as an apparatus, a
device comprising the present invention, a controller, a
digital storage means, a computer program product, and a
computer.

The method according to the present invention is defined
by the feature combination of claim 1. Accordingly, in one
aspect of the present invention, an assessment is suggested
comprising the step of determining a value reflecting the
distribution of a fluid between at least two distribution
spaces (also referred to as a first and a second distribution
space below) of the body of the patient, or reflecting changes
of the value or reflecting changes of one or more of the
distribution spaces. It further comprises assessing whether
the value fulfils at least one criterion.

The patient can be either a human being or an animal. The
patient may be sound or ill. The patient may be in need of
medical care or not. The patient may be a dialysis patient or
not.

In another aspect of the present invention, the controller
is intended or provided or used or configured to carry out the
method according to the present invention.
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In yet another aspect of the present invention, an appa-
ratus is provided, the apparatus comprising means for
obtaining a value reflecting or concerning the distribution of
a fluid between at least a first and a second distribution space
of the patient, and at least one controller according to the
present invention.

In another aspect of the present invention, the digital
storage means, in particular a disc, CD or DVD, has elec-
trically readable control signals which are able to interact
with a programmable computer system such that the method
according to the present invention will be executed.

In another aspect of the present invention, the computer
program product has a program code stored on a machine
readable data medium for executing the method according to
the present invention when executing the program product
on a computer.

In another aspect of the present invention, the computer
program has a program code for the execution of a method
according to the present invention when executing the
program on a computer.

Embodiments can include one or more of the following
features.

In certain embodiments, the value reflecting the distribu-
tion or changes thereof is determined from one or more
measured or calculated values and/or figures and/or terms,
the measured or calculated value(s), figure(s), and term(s)
being different from the value to be determined.

In some embodiments, the measured or calculated values
and/or figures and/or terms are gained in the presence of the
patient.

In certain embodiments, the measured or calculated val-
ues and/or figures and/or terms are gained in the absence of
the patient (that is, without the patient being present). For
example, the measured or calculated values and/or figures
and/or terms may be already at hand when carrying out the
method according to the present invention. For example, in
some embodiments, the measured or calculated values and/
or figures and/or terms were collected in advance of carrying
out the method according to the present invention.

In some embodiments, the fluid is a body fluid such as
blood or water comprised within the body, e.g. extracellular
water. In certain embodiments, the fluid is one fluid, in
particular one body fluid.

In certain embodiments, the fluid is incorporated or is
intended to be incorporated, e.g. as drinking water, as
replacement fluid as it is known in the art, etc.

In some embodiments, the first or the second distribution
space is defined as the blood volume.

In certain embodiments, the second distribution space is
the extracellular fluid volume.

In some embodiments, the second distribution space are
the interstices, the interstitium, or the interstitial volume,
respectively.

In some embodiments, the method further includes deter-
mining a saturation degree of at least one of the distribution
spaces and using said saturation degree as value or as
criterion.

In certain embodiments, the saturation degree is deter-
mined by means of a curve. The saturation degree can be a
numerical parameter, a “0/1” information, or any other type
of information that indicates the saturation, e.g., the slope of
a curve indicating the distribution of the fluid at issue
between two or more distributions spaces, or what is defined
or approximated as saturation by the skilled one.
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In some embodiments, the saturation degree is a ratio
between the sizes of two distribution spaces, or a ratio
between changes of two distribution spaces over time, and
the like.

In certain embodiments, the saturation degree indicates,
what percentage or part of additional fluid will be incorpo-
rated by a first distribution space and what percentage or part
will be incorporated by one or more distribution space
different from the first distribution space.

In certain embodiments, the method further includes
determining a saturation degree based on the Guyton
curve—with the Guyton curve being a curve depicting the
blood volume BV over the extracellular fluid volume ECW
of a patient explaining physiologic interdependencies
between extracorporeal water (ECW) and the blood vol-
ume—or an adaption thereof to human beings or particulars.

In some embodiments, the method further includes cal-
culating a correlation between changes in weight—particu-
lar pre-weight, i.e., a dialysis patient’s weight at the begin-
ning of another dialysis treatment, respectively—over at
least two measurements and values representing an anemia
state of the patient or changes thereof at those measure-
ments. The patient can be a dialysis patient.

In certain embodiments, the anemia state of the patient is
defined by means of direct or indirect measurements or
calculations of the mass, the concentration or the volume of
a substance, e.g. hemoglobin (Hb), or changes thereof.

In some embodiments, the anemia state of the patient is
defined by means of direct or indirect measurements or
calculations of the haematocrit (Het) or changes thereof.

In certain embodiments, the method further includes
comparing the calculated correlation with a threshold or a
range.

In some embodiments, the threshold or range is predeter-
mined or pre-set.

In certain embodiments, the threshold is the slope or
inclination of a curve in a graphical illustration.

In some embodiments, the range is a combination of—
more than one—thresholds.

In certain embodiments, the result of the assessment may
be the finding that the value falls or does not fall within a
range. For example, the result may be that the value is above
or below a threshold.

In some embodiments, the method further includes
assessing the size of at least one distribution space based on
measured values and/or results of calculations reflecting a
hemoglobin (Hb) state. The hemoglobin (Hb) state may be
reflected by the Hb concentration, its total mass, its volume,
change thereof over time, respectively, etc.

In certain embodiments, the method further includes
assessing the size of at least one distribution space based on
measured values and/or results of calculations reflecting the
haematocrit (Hct) or changes thereof over time.

As is evident to the skilled person, the present invention
is not limited to the assessment of the size of at least one
distribution space based on measured values and/or results
of calculations reflecting a hemoglobin (Hb) state or the
haematocrit (Hct) or changes thereof. The present invention
can of course also be carried out based on measured values
and/or results of calculations reflecting a mass, concentra-
tion or volume (and changes thereof) of any other suitable
substance or marker.

In some embodiments, the method further includes using
the size of at least one distribution space as was obtained
based on results from measurement of blood samples and/or
from blood comprised in extracorporeal blood lines by
means of an appropriate monitor. The measurements can be
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made—or were made or terminated before carrying out the
method according to the present invention—by measuring
the optical properties of the blood by optical sensors and/or
by assessing acoustic properties like transit times and/or
propagations velocities of ultrasonic pulses by ultrasonic
sensors.

Also, in certain embodiments any samples used for mea-
surements were obtained before carrying out the method
according to the present invention.

For determining the hydration state also any appropriate
monitor can be used, such as monitors based on bioimped-
ance or dilution techniques.

In certain embodiments, the method further includes
using the size of at least one distribution space as obtained
based on results from urine samples.

In some embodiments, the method further includes using
the size of at least one distribution space as obtained based
on results from tissue samples.

In certain embodiments, the method further includes
using the size of at least one distribution space as obtained
based on results obtained from measuring a concentration,
mass, volume or changes thereof of a substance being
comprised by the group comprising at least any substance
produced naturally in the body of the patient, in particular
hemoglobin, albumin, insulin, glucose, C-reactive protein
(CRP), and non-endogeneous substances, in particular phar-
maceutically effective substances.

In some embodiments, the method further includes
assessing pre-dialysis values of the patient.

In certain embodiments, the pre-dialysis values represent
the patient’s condition(s) seconds or minutes (up to, e.g., a
half-hour, one hour, two hours or the like) before starting the
next dialysis treatment.

In some embodiments, the method further includes
assessing post-dialysis values of the patient.

In certain embodiments, the post-dialysis values represent
the patient’s condition(s) seconds or minutes (up to, e.g., a
half-hour, one hour, two hours or the like) after finishing the
next dialysis treatment.

In certain embodiments, the method further includes
plotting results of the assessment for visual assessment.

In some embodiments, the at least one criterion is, or
comprises, at least one threshold or at least one range.

In certain embodiments, the at least one criterion is pre-set
or predetermined.

In some embodiments, the at least one criterion is vari-
able.

In certain embodiments, the method further includes
determining the criterion.

In some embodiments, the method further includes the
step of calculating and/or measuring parameters reflecting
the volume of at least one of the distribution spaces of the
patient or an approximation thereof.

In certain embodiments, the method further includes
determining or adjusting a dosage of a medicament to be
administered to a patient for improving the patient’s anemia
state based on the obtained relation between the calculated
or measured value(s) and the criterion.

In some embodiments, the controller comprises means for
obtaining information concerning the distribution or the
distribution space(s). In certain embodiments, the means
may be a monitor for obtaining information concerning the
distribution, an input means for inputting information con-
cerning the distribution or the distribution space(s), or the
like.
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In certain embodiments, the apparatus is or comprises a
monitor for obtaining information concerning the distribu-
tion.

In some embodiments, the monitor for obtaining data
related to the distribution and/or for obtaining data reflecting
the relation between the sizes or the volumes of at least two
distribution spaces is a monitor as described in WO 2006/
002685 Al. The respective disclosure of WO 2006/002685
Al is hereby incorporated in the present application by way
of reference. Of course, the present invention must not be
understood to be limited to monitors obtaining data by
bioimpedance measurements as is described in WO 2006/
002685 Al. Other bioimpedance methods known in the art
and also any other methods known in the art such as dilution
measurements and also any other method known to the
skilled person are also contemplated and encompassed by
the present invention as well.

In certain embodiments, the apparatus comprises a moni-
tor for measuring Hb concentrations (e.g., in [g/dl]) and/or
for determining the blood volume by means of any monitor
as described in “Replacement of Renal Function by Dialy-
sis” by Drukker, Parson and Maher, Kluwer Academic
Publisher, 57 edition, 2004, Dordrecht, The Netherlands, on
pages 397 to 401 (“Hemodialysis Machines and Monitors™),
the respective disclosure of which is hereby incorporated by
way of reference.

In some embodiments, the monitor is configured to mea-
sure the blood volume and/or the concentration of the
substance—in particular Hb—by means of measuring an
electrical conductivity.

In certain embodiments, the monitor is configured to
measure the blood volume and/or the concentration of the
substance—in particular Hb—by means of measuring an
optical density.

In some embodiments, the monitor is configured to mea-
sure the blood volume and/or the concentration of the
substance—in particular Hb—by means of measuring a
viscosity.

In certain embodiments, the monitor is configured to
measure the blood volume and/or the concentration of the
substance—in particular Hb—by means of measuring a
density.

In some embodiments, the monitor comprises one or more
corresponding probes and/or one or more sensors for car-
rying out the measurements such as electrical conductivity
sensors, optical sensors, viscosity sensors, density sensors,
and the like.

In certain embodiments, the apparatus furthermore com-
prises an output device for outputting results provided by the
controller.

In some embodiments, the output device is a monitor
having a display, a plotter, a printer or any other means for
providing an output.

In certain embodiments, the output device is connected to
an actuator for controlling administration of a substance to
the patient.

In certain embodiments, the device may be used for
treating a patient by means of dialysis.

In other embodiments, the device may be used for treating
a patient (or the patient’s blood) by hemofiltration, ultrafil-
tration, hemodialysis, etc.

The embodiments may provide one or more of the fol-
lowing advantages.

In some embodiments, the present invention provides
information on the question into what body compartment or
distribution space a fluid, e.g. drinking water or a replace-
ment fluid, goes to when ingested by the patient. In particu-
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lar, by means of certain embodiments of the present inven-
tion, a distinction can be made whether ingested fluids
increase, for example, the blood volume or the interstices or
both. This distinction may help to understand the patient’s
sensitivity to fluid removal. It may contribute to a more
thorough understanding of cardiovascular circumstances
and conditions, in particular cardiovascular stress. In some
embodiments, this distinction can be readily made on basis
of the measured or calculated values reflecting increases of,
for example, weight and Hb.

In certain embodiments, by means of the present inven-
tion it can be found out whether the administration of
volume (i.e., a fluid) to the patient—e.g, by means of
replacement solutions such as HAES® and the like—can be
of advantage to the patient. This is particularly possible in
cases where the concentration, or mass, or volume of a
substance at issue—such as hemoglobin—is constant over
time or can be approximated to be so.

In some embodiments, by means of the present invention
it can be determined whether an on-going replacement of
volume by means of solutions such as HAES® or addition
of fluid is better stopped.

Further, dialysis patients with accumulated extravascular
fluid—as it is the case with anasarca or edema—can also
benefit from certain embodiments of the present invention:
Fluid which increases the volume of such an accumulated
extravascular fluid can be identified by means of the method
according to the present invention. Consequently, such a
patient will be correctly considered as overhydrated—even
if, e.g., the patient’s reaction during ultrafiltration indicates
a dry state. Accordingly, the dialysis, e.g. the ultrafiltration
rate or duration, may be adapted to the actual need of the
patient. The same advantage may apply upon adoption or
administration of diuretics which is also contemplated by the
present invention. This advantage is not limited to dialysis
patients.

Other aspects, features, and advantages will be apparent
from the description, figures, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the present invention is further explained
by means of the figures of the drawing. However, the present
invention must not be understood to be limited to the
examples explained by means of the figures.

FIG. 1 shows two Guyton curves depicting the blood
volume of two patients over their extracellular volume;

FIG. 2 shows a correlation between day-by-day changes
in pre-weight in [kg] and day-by-day changes in hemoglobin
(Hb) in [g/dl];

FIG. 3 shows the data of FIG. 2, illustrated in relative
terms;

FIG. 4 shows data of another patient in an illustration like
that of FIG. 2;

FIG. 5 shows sliding slopes from the representation of
FIG. 4 over the year;

FIG. 6 shows a first apparatus comprising a controller for
carrying out the method according to the present invention;

FIG. 7 shows a second apparatus comprising a controller
for carrying out the method according to the present inven-
tion;

FIG. 8 shows a schematic cut through body tissue for
defining certain terms relating to distribution spaces as used
within the present specification; and

FIG. 9 shows an example of how certain terms relating to
distribution spaces may be understood in terms of the
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present invention and how certain distribution spaces may
be interconnected by means of a general concept.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a first Guyton curve 1 depicting the blood
volume BV in liters over the extracellular fluid volume ECW
in liters of a first patient and a second Guyton curve 3 of a
second patient.

Curve 1 extends in a straight manner through a linear
range 13 with a more or less constant first slope between 0
and about 20 liters of extracellular fluid volume ECW.
Between 20 and 23 liters of extracellular fluid volume ECW
the slope of curve 1 decreases in a transition region 15, and
between 23 and 40 liters of extracellular fluid volume ECW
the curve extends again in a more or less straight manner
with a more or less constant second slope in a so-called
saturation range 17.

The shape of curve 3 is similar to that of curve 1 but has
a different slope and height.

Curve 1 runs through a “normal range” 19 that can be
found both within the linear range 13 of curve 1. The normal
range 19 represents a distribution of fluid between blood and
extracellular fluid that is frequently found in healthy condi-
tions. It shows a normal distribution of water comprised by
the body between the blood volume and the extracellular
fluid volume. In contrast, point 21 represents a misdistribu-
tion of fluid between blood and extracellular fluid. This
misdistribution is frequently found by people being strongly
overhydrated (be it for kidney or heart failure or other
reasons).

Range 17 of the curve 1 can be understood as a saturation
range indicating that additional volume (e.g., administered
via indwelling catheter or ingested by drinking) would
further increase the interstitial fluid volume, and only to a
lesser degree the blood volume—if at all.

FIG. 2 shows a correlation between day-by-day changes
in pre-weight (x-axis, in [liters]) and day-by-day changes in
hemoglobin (y-axis, in [g/dl] Hb) of an anonymized patient
“PatID 22”). The plot of FIG. 2 depicts the day-by-day
(alternatively the treatment-by-treatment) change in Hb over
the patient’s change in pre-weight measured at the same
occasions as the Hb concentration. For example, if a patient
has a pre-weight of 70 kg on treatment day 1, and a
pre-weight of 72 kg on treatment day 2, the patient’s delta
pre-weight is +2 kg. If the patient’s Hb is 10 g/dl on
treatment day 1 and 9 g/dl on treatment day 2, the patient’s
delta Hb is -1 g/dl. As the change in pre-weight is assumed
to be caused by body water changes only—or mainly, and
only secondarily by food, different clothing, etc.—amend-
ments of a distribution space can be reflected, assumed or
approximated this way.

As can be seen from a regression line 23 which is
calculated based on values 25 reflecting the results of
corresponding measurements in a known manner, higher
pre-weights—compared to the preceding treatment—result
in lower Hb concentrations. It is hence assumed that the
weight reflects water intake, especially over short time
periods in which a change in flesh weight is unlikely. Since
a significant correlation can be seen in this patient, the
patient obviously is not in the saturation range 17 of the
Guyton curve shown in FIG. 1 with BV over extracellular
water (ECW): an increase in blood volume (in line with
increased pre-weight) results in a reduced Hb concentration.
In other words, increased water intake (increased pre-
weight) seems to dilute Hb (decreased concentration of
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hemoglobin in the blood compartment) under the assump-
tion that Hb mass is constant.

FIG. 3 shows the data of FIG. 2, illustrated in relative
terms, depicted as delta Hb relative to/over the averaged or
mean Hb (see y-axis), over delta pre-weight relative to/over
extracellular water (ECW) (see x-axis). The slope of the
regression line 23 reflects that a 10% increase in ECW
results in a 6.3% increase in BV (equals a 6.3% decrease in
Hb concentration, measured in the patient’s blood).

For the linear range of the Guyton curve one would expect
that a 10% increase in ECW corresponds to a 10% increase
in BV (1:1 ratio, see range 13 of FIG. 1). Since the slope of
the curve shown in FIG. 3 reveals one only a 6.3% for this
patient, this may indicate that the patient is already close to
saturation (that is, in or close to the range 17 of FIG. 1).

It is noted that the explanations given with respect to FIG.
3 (i.e., in the preceding two paragraphs) relate to the intake
of liquid.

FIG. 4 shows data of another patient in an illustration like
that of FIG. 2. However, in contrast to the data shown in
FIG. 2, changes in pre-weight are not reflected also in
changes of the hemoglobin. Hence, because the hemoglobin
concentration remains unchanged it appears that any addi-
tional fluid (e.g., water) is stored in the interstitial space, not
however at least in parts also in the blood compartment. Hb
seems not to be (further) diluted by the additional fluid. The
patient which data are shown in FIG. 4 is assumed to be in
the saturation range 17 of the Guyton curve as shown in FI1G.
1.

Using the Guyton curve—as shown in FIG. 1 or adapted
according to one’s need—for roughly assessing the patient’s
Hb sensitivity to amendments to the patient’s hydration state
can provide additional information about how strongly the
patient will react to fluid removal with regard to the patient’s
Hb concentration. Expressed in different words this may
answer the question how strongly the patient may benefit
from administering drugs such as EPO (erythropoietin)
which effect the hematopoiesis or from enhancing the
patient’s drug (such as, e.g., EPO) dosage.

More particular, the patient may benefit from first deter-
mining the sensitivity of Hb to fluid intake using the
delta-Hb over delta-pre-weight plot of FIG. 2 or 4, and—if
no significant correlation can be observed as in FIG. 4—first
to normalize hydration and only to start EPO (or other
anemia affecting or influencing drugs) management when
the patient starts becoming more sensitive to water intake in
that he has left the saturation range (see, e.g., the range 17
of FIG. 1).

It is to be noted that the above discussion is mainly
directed to the case that any increase in weight can be
completely attributed to the intake of water (or fluid in
general) in distribution volumes where no accumulation of
fluid would occur under healthy conditions. In a more
general approach it has to be considered carefully which
other factors influence the weight and the fluid balance, thus
leading to a correction of the relation shown in FIG. 1 so that
these influences can be corrected before any conclusions on
the distribution of the fluid according to the regions such as
13, 15 or 17 are drawn.

Generally, the impact of food on weight changes may be
calculated or estimated by means of the following equation:

delta BV=K_Guyton*U*delta pre-weight (€8]

with

U: hydration factor of the ingested food, or by means of
ingested food enhanced hydration (depends on the renal
function, loss of fluid due to perspiration, diarrhea, vom-
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iting, air humidity, etc.; U can be corrected if the renal
function is known, in particular in cases of reduced kidney
effectivity),

K_Guyton: slope of the Guyton curve, see, e.g., FIG. 1
(ratio: BV over ECW)

deltaBV: difference the in blood volume between two mea-
surements

delta pre-weight: difference in pre-weight between two
measurements

Example 1
With U=0.7 and K_Guyton=1:3

If'a patient’s weight increases by 1.0 kg, the blood volume
increases by 0.23 L.

It is to be noted that both U and K_Guyton are individual
values (K_Guyton even more than U). The water content of
food may be approximately constant if a normal diet is
followed. That is, U does not change over time as much as
K_Guyton. K_Guyton starts to change remarkably when a
saturation range is near or reached, see range 17 in FIG. 1.
Typically, in the saturation range, K_Guyton is 0, whereas in
the linear range 13 illustrated between 0 and 20 L ECW in
FIG. 1, K_Guyton is around 1:3.

Typically, U takes values between 0.5 for solid food and
0.8 for more liquid nourishment.

The hydration factor U can be directly determined from
the negative slope of curve 23 of FIG. 3. This is particularly
possible if the status of the patient is in the linear range 13
of curve 1 or 3 as shown in FIG. 1. For patient whose status
is not in the linear range of curve 1 or 3, the following
procedure may be advantageously applied: The unknown
hydration factor can be determined in advance by means of
values obtained from patients who definitely are in the linear
range, and the result of this determination can be used as the
hydration factor U (or as an approximation thereof) for the
patients in question.

FIG. 5 shows another curve 27 illustrating the develop-
ment of slopes from the representation of FIG. 4 over the
year (indicated by months 09 for September, 10 for October,
11 for November and so on), wherein the (absolute) slopes
of FIG. 2 were continuously (that is, from one treatment to
the next treatment) calculated by means of a sliding window
covering four weeks. The calculated slope comes to lie
within the middle of the window. For example, in March
(““03™), the slope was around 0. That means, the patient was
remarkably overhydrated in March. In other words, the
patient was deemed to be in the saturation range of the
Guyton curve (see range 17 in the illustration of FIG. 1).

It is to be noted that the sliding slopes illustration as
shown in FIG. 5 can also be used for illustrating the values
shown in FIG. 3.

The sliding window used may cover around 50 days or 20
treatments or any other suitable number of days or treat-
ments or range in general.

FIG. 6 shows an apparatus 61 comprising a controller 63
configured to carry out the method according to the present
invention. The apparatus 61 is connected to an external
database 65 comprising the results of measurements and the
data needed for the method according to the present inven-
tion. The database 65 can also be an internal means of the
apparatus 61. The apparatus 61 may optionally have means
67 for inputting data into the controller 63 or into the
apparatus 61 itself. Such data may be information about the
size of one or more distribution spaces, the mass, the
volume, the concentration of a substance as is set forth
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above, etc., or approximations thereof. Also, the criterion
may be input by means of the input means 67. The criterion
may, however, alternatively be stored in database 65 or any
other storage. The criterion may be calculated or determined
by the controller 63 or any other item comprised by the
apparatus 61 or interconnected to it. The results of the
evaluation, calculation, comparison, assessment etc. per-
formed by the controller 63 and/or the apparatus 61 can be
displayed on a monitor 60 or plotted by means of a—not
displayed but optionally also encompassed—plotter or
stored by means of the database 65 or any other storage
means. The database 65 can also comprise a computer
program initiating the method according to the present
invention when executed.

In particular, the controller 63 can be configured for
determining a value reflecting the distribution of the fluid,
and for assessing whether the relation fulfils at least one
criterion.

As can be seen from FIG. 7, for corresponding measure-
ments, the apparatus 61 can be connected (by means of wires
or wireless) with a bioimpedance measurement means 69 as
one example of a means for measuring or calculating the
distribution or the size(s) of one or more distribution spaces
or approximations or changes thereof. Generally, the means
for measuring or calculating can be provided in addition to
the external database 65 comprising the results of measure-
ments and the data needed for the method according to the
present invention, or in place of the external database 65
(that is, as an substitute).

The bioimpedance measurement means 69 can be capable
of automatically compensating for influences on the imped-
ance data like contact resistances.

An example for such a bioimpedance measurement means
69 is a device from Xitron Technologies, distributed under
the trademark Hydra™ that is further described in WO
92/19153, the disclosure of which is hereby explicitly incor-
porated in the present application by reference.

The bioimpedance measurement means 69 may comprise
various electrodes. In FIG. 7, only two electrodes 69a and
695 shown which are attached to the bioimpedance mea-
surement means 69. Additional electrodes are, of course,
also contemplated.

Each electrode implied can comprise two or more
“sub”-)electrodes in turn. Electrodes can comprise a current
injection (“sub”-)electrode and a voltage measurement
“sub”-) electrode. That is, the electrodes 69a and 694
shown in FIG. 12 can comprise two injection electrodes and
two voltage measurement electrodes (i.e., four electrodes in
total).

Generally spoken, the apparatus according to the present
invention can be provided with means such as weighing
means, a keyboard, a touch screen etc. for inputting the
required data, sensors, interconnections or communication
links with a lab, any other input means, etc.

Similarly, the apparatus 61 may have further means 71 for
measuring or calculating means for obtaining a value reflect-
ing the distribution of another distribution space and/or for
obtaining values reflecting the mass, the volume or the
concentration of the substance that can be provided in
addition to the external database 65 or in place of the
external database 65 (that is, as an substitute).

The means 71 can be provided as a weighing means, a
keyboard, touch screen etc. for inputting the required data,
sensors, interconnections or communication links with a lab,
a Hb (or any other substance suitable for measuring, calcu-
lating or approximating the size of a distribution space)
concentration probe, any other input means, etc.
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FIG. 8 shows a schematic cut through body tissue for
defining certain terms relating to distribution spaces as used
within the present specification.

In particular, FIG. 8 shows a defined volume 81 compris-
ing tissue cells 83 comprising intracellular water, an inter-
stitium 85 comprising extracellular water, and a blood vessel
87 with cut vessel walls 874 and 875.

The blood vessel comprises blood cells 88 (comprising
intracellular water). The blood cells are embedded into
blood plasma 89 (comprising extracellular water).

FIG. 9 shows an example of how certain terms relating to
distribution spaces may be understood in terms of the
present invention. It also shows how certain distribution
spaces may be interconnected by means of a general con-
cept.

As can be seen from FIG. 9, the whole body weight
91—which can amount to, for example, 80.0 kg—can be
understood as the sum of the blood volume (BV) 93, the
water in the interstitium (extracellular) (ECWinterstit) 95,
the water in the cells of the tissue (intracellular) ICWtissue)
97, and the solid components of the body 99.

The blood volume may be understood as the sum of the
extracellular water that is present within the vessels (ECW-
blood), in particular in the blood plasma, and the intracel-
Iular water (ICWblood) that is present in the vessel or the
(red) blood cells. In an example, the ECWblood may be 3.5
L, the ICW may be 2.5 L, the blood volume 93 may be 6.0
L.

The water in the interstitium (extracellular) 95 (ECWin-
terstit) can encompass 16.5 L. The water in the cells of the
tissue (intracellular) 97 (ICWtissue) can encompass 27.5 L.

The solid components 99 of the body comprise the
mineral mass Mmineral which can have 3.0 kg, the fat mass
Mtat which can be 9.0 kg, and the protein mass Mprotein
which can amount to 21.0 kg. The solid components 99 can
thus amount to 33.0 kg.

As can be seen from FIG. 9, the sum of the blood volume
93, the water in the interstitium (extracelluar) 95, and the
water in the cells of the tissue (intracellular) 97 can be
understood as the total body water 101 (TBW). The total
body water 101 can encompass 50.0 L.

As can further be seen from FIG. 9, the sum of the total
body water 101 and the solid components 99 can be equal to
the whole body weight 91.

As is readily understood by the skilled one, the above
given figures and weights are to be understood as examples
which may be found in one particular patient, whereas other
patients may reveal different weights and mass contribu-
tions. However, FIGS. 8 and 9 are well suited for giving one
example of how certain terms with regard to distribution
spaces may be understood, and also how certain distribution
spaces of a patient’s body relate to each other.

Again, it is noted that all or at least some of the figures
relate to Hb/anemia state and weight/hydration state by
means of examples showing how one particular embodiment
according to the present invention may be carried out. They
are not to be understood as limiting.

What is claimed is:

1. A blood treatment system for treating the blood of a
patient, comprising:

an obtaining system for obtaining a first value reflecting

the distribution of fluid between at least a first and a
second distribution space of the patient; and,

a control system,

wherein the control system determines whether said first

value fulfils at least one criterion, the criterion being a
saturation degree of at least one of the distribution
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spaces, the saturation degree being a ratio between the
changes of the two distribution spaces over time,

wherein the control system is configured to calculate a

correlation between changes in patient weight over at
least two measurements and values representing an
anemia state of the patient or changes thereof at those
measurements,

wherein the control system is configured to compare the

calculated correlation with a threshold or a range,
wherein the threshold is the slope or inclination of a
curve, and

wherein the curve indicates the distribution of the fluid

between at least the first and the second distribution
space.

2. The blood treatment system according to claim 1,
wherein the blood treatment system is configured to treat a
patient by dialysis.

3. The blood treatment system according to claim 2,
wherein the blood treatment system is configured to treat a
patient or the patient’s extracorporeally flowing blood by
hemofiltration, ultrafiltration, and/or hemodialysis.

4. The blood treatment system according to claim 1,
wherein the first or the second distribution space is selected
from the group consisting of: the blood volume, the extra-
cellular fluid volume, and the interstitium.

5. The blood treatment system according to claim 1,
wherein the control system is configured to determine a
saturation degree of at least one distribution space of the
patient as said first value.

6. The blood treatment system according to claim 1,
wherein the blood treatment system further comprises a
determining system, said determining system being config-
ured to determine said criterion.

7. The blood treatment system according to claim 1,
wherein the criterion is or comprises at least one threshold
and/or at least one range.

8. The blood treatment system according to claim 1,
wherein said control system is configured to determine said
first value by assessing the size of at least one distribution
space based on measured values and/or results of calcula-
tions reflecting a hemoglobin (Hb) state or reflecting the
hematocrit (Hct).

9. The blood treatment system according to claim 1,
wherein said control system is configured to determine said
first value by obtaining the size of at least one distribution
space based on results obtained from blood samples mea-
surement, urine samples, and/or tissue samples.

10. The blood treatment system according to claim 1,
wherein said control system is configured to determinine
said first value by obtaining the size of at least one distri-
bution space based on results obtained from measuring a
concentration, mass, volume or changes thereof of a sub-
stance selected from the group consisting of: hemoglobin,
albumin, insulin, glucose, C-reactive Protein (CRP), and
non-endogeneous pharmaceutically-effective substances.

11. The blood treatment system according to claim 1,
wherein the control system is configured to assess pre-
dialysis or post-dialysis values or calculations of the patient.

12. The blood treatment system according to claim 11,
wherein the blood treatment system further includes a plotter
for plotting results of the assessment for visual assessment.

13. The blood treatment system according to claim 1,
wherein the control system is configured to calculate and/or
measure parameters reflecting the volume of at least one of
the distribution space of the patient or an approximation
thereof.
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14. The blood treatment system according to claim 1,
wherein the control system is configured to determine or
adjust a dosage of a medicament to be administered to the
patient for improving the anemia state of the patient based
on the obtained relation between the first value and the
criterion.

15. The blood treatment system according to claim 1,
wherein the obtaining system is or comprises a blood
volume measurement device.

16. The blood treatment system according to claim 1,
wherein the obtaining system is or comprises a bioimped-
ance measurement device.

17. The blood treatment system according to claim 1,
wherein the blood treatment system further comprises an
output device for outputting results provided by the control
system.

18. The blood treatment system according to claim 1,
wherein the control system is configured to determine the
saturation degree based on the curve which depicts blood
volume over the extracellular volume of a patient.

19. The method according to claim 1, wherein the control
system is configured to determine the saturation degree
based on the curve which depicts blood volume over the
extracellular volume of a patient.

20. The blood treatment system according to claim 1,
wherein the curve depicts the blood volume over the extra
cellular fluid volume.

21. A method for treating blood with a blood treatment
system having an obtaining system and a control system, the
blood treatment system being configured to assess a
patient’s fluid status and/or sensitivity to fluid removal from
his vascular system or fluid replacement or addition with
regard to the patient’s hydration state, the method compris-
ing the steps of:

obtaining a first value reflecting changes of the distribu-

tion of the fluid between at least a first and a second
distribution space, from one or more measured or
calculated values, figures or terms; and

assessing whether the first value fulfils at least one

criterion, the criterion being a saturation degree of at
least one of the distribution spaces, the saturation
degree being a ratio between the changes of the two
distribution spaces over time,

wherein the obtaining system obtains said first value and

the control system assesses whether the first value
fulfils the at least one criterion,

wherein the control system is configured to calculate a

correlation between changes in patient weight over at
least two measurements and values representing an
anemia state of the patient or changes thereof at those
measurements,

wherein the control system is configured to compare the

calculated correlation with a threshold or a range,
wherein the threshold is the slope or inclination of a
curve, and

wherein the curve indicates the distribution of the fluid

between at least the first and the second distribution
space.

22. A non-transitory computer-readable medium with an
executable program stored thereon, wherein the program
instructs a programmable computer system to execute the
method according to claim 21.

23. The method according to claim 21, wherein the
control system is configured to determine the saturation
degree based on the curve which depicts blood volume over
the extracellular volume of a patient.
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24. A method for assessing a patient’s fluid status and/or
sensitivity to fluid removal from his vascular system or fluid
replacement or addition regarding to his hydration state,
comprising the step of

determining a value reflecting the distribution of a fluid

between at least a first and a second distribution space
of the body of the patient, or reflecting changes of the
distribution of the fluid between at least a first and a
second distribution space or reflecting changes of the
distribution spaces, from one or more measured or
calculated values, figures or terms, and

assessing whether the value fulfils at least one criterion,

wherein the control system is configured to calculate a

correlation between changes in patient weight over at
least two measurements and values representing an
anemia state of the patient or changes thereof at those
measurements,

wherein the control system is configures to compare the

calculated correlation with a threshold or range,
wherein the threshold is the slop or inclination of a
curve, and

wherein the curve indicates the distribution of the fluid

between at least the first and the second distribution
space.

25. A method according to claim 24, wherein the first or
the second distribution space is the blood volume.

26. A method according to claim 24, wherein the first or
the second distribution space is the extracellular fluid vol-
ume.

27. A method according to claim 24, wherein the first or
the second distribution space is the interstitium.

28. A method according to claim 24, further comprising
the step of determining a saturation degree of at least one of
the distribution spaces as said value or as criterion.

29. A method according to claim 24, further comprising
the step of calculating a correlation between relative or
absolute values reflecting changes in weight and relative or
absolute values reflecting an anaemia state of the patient.

30. A method according to claim 24, wherein the criterion
is or comprises at least one threshold and/or at least one
range.

31. A method according to claim 24, wherein for deter-
mining said value the size of at least one distribution space
is assessed based on measured values and/or results of
calculations reflecting a haemoglobin (Hb) state or reflecting
the haematocrit (Het).

32. A method according to claim 24, wherein for deter-
mining said value the size of at least one distribution space
was obtained based on results obtained from blood samples
measurement, urine samples, and/or tissue samples.

33. A method according to claim 24, wherein for deter-
mining said value the size of at least one distribution space
was obtained based on results obtained from measuring a
concentration, mass, volume or changes thereof of a sub-
stance being comprised by the group comprising at least any
substance produced naturally in the body of the patient, in
particular haemoglobin, albumin, insulin, glucose, C-reac-
tive Protein (CRP), and non endogeneous substances, in
particular pharmaceutically effective substances.

34. A method according to claim 24, further comprising
the step of assessing pre-dialysis or post-dialysis values or
calculations of the patient.

35. A method according to claim 24, further comprising
the step of plotting results of the assessment for visual
assessment.

36. A method according to claim 24, comprising the step
of determining the criterion.
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37. A method according to claim 24, comprising the step
of calculating and/or measuring parameters reflecting the
volume of at least one of the distribution space of the patient
or an approximation thereof.

38. A method according to claim 24, comprising the step
of determining or adjusting a dosage of a medicament to be
administered to a patient for improving his anaemia state
based on the obtained relation between calculated or mea-
sured value(s) and the criterion.

39. A controller configured to carry out the method
according to claim 24.

40. An apparatus for assessing a patient’s sensitivity to
fluid removal by a treatment of his blood regarding to his
hydration state, the apparatus comprising:

means for obtaining a value reflecting the distribution of

fluid between

at least a first and a second distribution space;

at least one controller according to claim 39.

41. An apparatus according to claim 40, wherein the
means for obtaining information concerning the distribution
is or comprises a blood volume measurement device.

42. An apparatus according to claim 40 or 41, wherein the
means for obtaining information concerning the distribution
is or comprises a bioimpedance measurement device.
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43. An apparatus according to any of claim 40, further
comprising an output device for outputting results provided
by the controller.

44. A device for treating the blood of a patient, comprising
at least one controller according to claim 39 or at least one
apparatus according to claim 40.

45. A device according to claim 44, being a device for
treating a patient by means of dialysis.

46. A device according to claim 45, being a device for
treating a patient or his extracorporeally flowing blood by
haemofiltration, ultrafiltration, and/or haemodialysis.

47. A digital storage means, in particular a disc, CD or
DVD, with electrically readable control signals which are
able to interact with a programmable computer system such
that the method according to claim 24 will be executed.

48. A computer program product having a program code
stored on a machine readable data medium for executing the
method according to claim 24 when executing the program
product on a computer.

49. A computer program having a program code for the
execution of the method according to claim 24 when execut-
ing the program on a computer.
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